Objective: We aimed to identify independent risk factors predisposing toward postoperative surgical or percutaneous pericardial drainage following cardiac surgery, and to assess late survival. Methods: A retrospective review of preoperative, intra-operative and postoperative variables was conducted in 5818 patients, who underwent adult heart surgery in a 7-year time span (2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009). Pericardial drainage was performed in 117 patients (2%), of whom 52 (44%) were evacuated by surgical drainage and 65 (56%) by echocardiographic-guided pericardiocentesis. Patients were divided in two groups: patients with two-dimensional (2D) echocardiographic evidence of cardiac tamponade, who underwent pericardial surgical or percutaneous drainage (group I: 117 patients); and patients without cardiac tamponade (group II: 5701 patients), who served as the control group. Results: The two groups were compared with univariate analysis, and variables significantly ( p 0.05) or possibly ( p 0.2) associated with pericardial drainage were entered into multivariable logistic regression analysis models assessing the role of pre-, intra-and postoperative variables together or separately. Pericardial drainage was more likely to occur in patients undergoing combined procedures such as double/triple valves or surgery on ascending aorta, in patients with higher EuroSCORE (European System for Cardiac Operative Risk Evaluation) levels, whereas patients receiving aspirin treatment before surgery had a lower risk of this complication. In addition, postoperative blood product transfusion and the occurrence of renal failure after surgery increased the risk of this complication. Conclusions: Postoperative pericardial drainage is an uncommon complication after heart surgery, mainly managed percutaneously. Our study has identified different independent causative factors for cardiac tamponade requiring pericardiocentesis. The identification of preoperative and postoperative risk factors may be useful to adopt strategies to further reduce the incidence of pericardial tamponade requiring drainage. #
Introduction
Pericardial effusions (PEs) are a common complication following cardiac surgery, generally clinically insignificant. PE conditioning cardiac tamponade (CT) is instead an infrequent potentially lethal complication requiring immediate drainage, with a incidence reported to vary from 1% to 2% [1, 2] . In particular, late CT (occurring at least after 72 h from operation) [3] is associated with an increased risk of sudden death and morbidity conditioning delayed hospital discharge.
The identification of clinical conditions associated with the development of CT may be important in the search for risk factors that are potentially changeable and/or strategies to minimize its frequency. A large number of preoperative, intra-and postoperative variables have been previously proposed as risk factors for postoperative PE, including female gender, preoperative use of anticoagulants, larger body surface area, pulmonary thrombo-embolism, hypertension, immunosuppression, renal failure, urgency of operation, cardiac operation other than coronary artery bypass grafting, and prolonged cardiopulmonary bypass [4] .
One reasonable explanation of such an overabundance of predicting variables is that PE may have a different impact on patient's outcome, according to its clinical presentation and severity. In this regard, an additional effort to discriminate patients with menacing PE is probably needed to circumscribe the search for causative factors.
To our knowledge, no previous report has searched for independent predictors in a pure population of late PE with CT necessitating drainage, in which the identification of risk factors is particularly crucial. In this study, we evaluated patients requiring percutaneous or surgical pericardial drainage after cardiac surgery in an attempt to identify determinants and assess the late prognosis.
Patients and methods
The study consisted of a retrospective analysis of 5818 consecutive adult patients over a 7-year period (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) undergoing open heart surgery at the Centro Cardiologico Monzino IRCCS. By reviewing our patients' database, we identified the study cohort (117 patients), which consisted of patients with postoperative PE in whom a late (at least 5 days from operation) pericardial drainage was performed (group II). Patients who did not meet the above criteria, presenting PE not requiring drainage, were excluded. The drainage was done surgically in 52 cases (44%) and by echocardiographicguided pericardiocentesis in 65 (56%). Patients undergoing cardiac surgery in the same time span without echocardiographic evidence of CT served as control group (group I: 5701 patients). All control patients had routine postoperative echocardiographic examination.
Data collected included preoperative demographic and clinical information, intra-operative variables related to the conduct of the operation, and postoperative variables describing the hemodynamic course, bleeding and transfusion requirements, and selected postoperative complications. A complete list of variables collected and analyzed is presented in Table 1 .
Indication for pericardial drainage
Evidence of tamponade requiring pericardial drainage was determined echocardiographically. Two-dimensional (2D) echocardiographic characteristics indicating tamponade were: echo-free space during diastole >25 mm, early diastolic collapse of right ventricle, compression of heart chambers, plethora of inferior vena cava, or ventricular interdependence. Doppler signs of CT were respiratory variations of flow velocity across atrioventricular valves.
Follow-up
Telephonic follow-up data were obtained in 112 out 117 patients (95.7%). The factors which were at least marginally significant (P 0.2) by univariate analysis were included into a multivariable forward stepwise logistic regression model. Four different logistic regression models were evaluated; the first one included all variables (preoperative, intra-operative, and postoperative), the second assessed preoperative and intraoperative variables only, whereas the third one considered only preoperative variables.
The multivariate odds ratio (OR) for each independent variable in the final regression models and 95% confidence intervals were also computed. The p value for entry of a covariate into the model was set at a significance level 0.05, while the p value for the removal of a covariate was fixed at the 0.1 significance level. Survival of patients requiring pericardial drainage was assessed with the Kaplan-Meier method.
Results

Clinical features
The clinical features of the patient population are reported in Table 2 . Echocardiography-documented PE with CT requiring drainage developed in 117 patients (group II) out of 5818 undergoing cardiac surgery within a 7-year time frame (cumulative incidence of 2%). The incidence remained stable through the observation period. The remaining 5701 patients (group I) without echocardiographic evidence of CT served as controls. PE with CT was usually visualized after the fifth postoperative day (mean (SD) 6.29 AE 1.1 days, range 5-8 days). Dyspnea, malaise, and peripheral edema occurred more frequently (76%). Clinical signs of tamponade (including tachycardia, hypotension, oliguria, and systemic blood pressure <90 mmHg) were present in 37% of 117 study patients.
Pericardiocentesis
In 65 patients (56%), PE was drained by echocardiographically guided pericardiocentesis. Surgical evacuation was performed in 52 patients (44%), in all cases through a subxiphoid approach. In three cases (2.5%), recurrent effusion required a staged approach (initial pericardiocentesis, followed by repeated percutaneous evacuation or surgical drainage). Pericardiocentesis was preferred to surgical drainage, if pericardial fluid was considered easy to reach and tap by catheter under echocardiographic guidance. In all patients, a pericardial catheter drainage was left in place, which was usually removed 2-3 days after initial pericardiocentesis. No complications occurred after either the percutaneous or the surgical procedure. Pericardiocentesis was performed after the fifth postoperative day, without significative temporal differences between the surgical or the percutaneous approach. The mean amount of fluid evacuated by pericardiocentesis was 613.70 ml (range 100-1950 ml) and by surgical drainage, 603.8 ml (range 100-1450 ml), without any significant statistical difference [5] .
If present, anticoagulation with acenocoumarol was discontinued to reach an international normalized ratio (INR) <1.5. If INR was high (>3.5) and drainage considered not postponable, Vitamin K and fresh-frozen plasma were administered. 
Causative and protective factors for pericardial drainage
The preoperative, intra-and postoperative variables associated ( p 0.05) or possibly ( p 0.2) associated with significant PE, according to the univariate analysis, are listed in Table 3 . Fourteen variables were observed to be differently distributed between the two groups.
Of the candidate variables found by univariate analysis, seven emerged as possible determinants of PE requiring drainage, according to the multivariate logistic regression analysis ( Table 4 ). The different logistic regression analysis models were developed to take into account not only the effect of each variable on the occurrence of pericardial drainage but also the relation of the risk factors with the time frame (preoperative, intra-operative, or postoperative) where they exert their effect or occur. The greatest deterrent to undergo postoperative pericardial drainage was the preoperative assumption of aspirin therapy (OR = 0.52; p = 0.014). Among the causative factors, three were intra-operative variables: concomitant ascending aorta and aortic valve surgery (OR = 6.17; p = 0.008), ascending aorta surgery (OR = 2.69; p = 0.008), and double/triple valve replacement (OR = 3.02; p = 0.011), whereas two were postoperative complications: platelet transfusion for excessive bleeding (OR = 1.87; p = 0.001) and renal failure (OR = 2.52; p < 0.001). Additive logistic EuroSCORE (European System for Cardiac Operative Risk Evaluation) was found to be the only preoperative variable predicting the occurrence of pericardial tamponade (OR = 1.09; p = 0.008). 
Late survival
Discussion
This work was aimed to identify causative and protective factors related to the necessity of pericardial drainage in patients, who underwent cardiac surgery and successively developed a severe PE with CT, requiring evacuation.
Postoperative PEs have a broad spectrum of clinical and echocardiographic presentations. Depending on the definition, postoperative PEs may be found in as many as 70% of patients undergoing cardiac surgery. However, most of these effusions are clinically insignificant and self-limiting. On the contrary, the reported incidence of clinically relevant PEs is much lower, ranging from 1% to 2% [1, 4] . However, under the definition of postoperative PE are encompassed conditions that are not only quantitatively but also qualitatively different, which may have distinguishing predictors. It is then conceivable that the reported overabundance of risk variables related to patients' demographics, coagulation status, intraand postoperative management, and type of operation may be due to a bias of patient selection. To our knowledge, no other previous work attempting to understand which variables are independent determinants of the occurrence of late CT after cardiac surgery has restricted the analysis to a pure population of patients requiring late pericardial drainage. So far, the selection criteria was only previously adopted by Kuvin and coworkers [1] , which however failed to discriminate postoperative independent variables by means of a multivariable analysis. We opine that the identification of clinical predictors associated with the development of CT may be important in the search for risk factors potentially changeable and/or strategies to minimize its frequency [6] .
In our selected population, we identified as independent causative predictors of CTrequiring drainage additive logistic EuroSCORE, surgery on ascending aorta with and without concomitant aortic valve replacement, double aortic and mitral valve replacement, platelet transfusion, and postoperative renal failure. The only isolated protective variable was aspirin assumption before the operation.
Our findings first highlight that the type of operation has a great importance in predisposing to pericardial tamponade. Ashikhmina and co-workers [4] have recently identified out of nine independent risk factors for postoperative PE, four operative variables: valve surgery, aortic aneurysms, heart transplant, and a miscellany of complex procedures. Complex operations, such as double/triple valve replacement or surgery on ascending aorta may indeed play a causative role because they necessitate prolonged cardiopulmonary bypass times, leading to a pronounced systemic inflammatory response [1, 4] . Moreover, aortic aneurysm surgery is a well-known independent risk factors for postoperative PEs and CT, with a reported incidence up to 35% and 15%, respectively [7] . Mediastinal clot retention with osmotic fluid accumulation and serous 'weeping' from the graft material have been advocated as possible explanations. Notably, our analysis showed that surgery on ascending aorta is a causative factor for CT either as a stand-alone operation or if associated to a concomitant aortic valve replacement.
The association between additive EuroSCORE and risk of postoperative CT was not previously observed. It is already known that baseline and operative features, which contribute to EuroSCORE calculation, may play a predictive role for CT, such as surgery on thoracic aorta and cardiac operation other than coronary bypass grafting [8] . Moreover, the severity of the preoperative status may directly interfere with the length of operation and postoperative outcome, playing an indirect role for the occurrence of PEs.
Among the most relevant postoperative complications, we found that renal failure is independently associated with a greater probability to develop CT, as previously reported [4] . It is well known that postoperative acute renal failure with fluid retention in serous cavities may be a risk factor for PEs. On the other hand, it has also to be taken into an account that severe PE with CT may worsen or even cause postoperative renal insufficiency [9, 10] .
There are mixed evidences that anticoagulant therapy is associated with an increased risk of postoperative PEs. In an echocardiographic study, Malouf and co-workers found that the incidence of large effusions was significantly higher in patients who received systemic anticoagulation with respect to patients who did not [11] . On the contrary, more recent studies failed to demonstrate anticoagulant therapy as an independent predictor of postoperative PE [4] . These apparently diverse findings may be due to several reasons: lack of control patients without effusions receiving anticoagulation, more aggressive protocols of plasma and Vitamin K administration before pericardial evacuation, and probably more important, the introduction of more stringent protocols of anticoagulation surveillance. In our study, the only independent predictor of CT, which may be associated with disturbances in anticoagulation are double-valve surgery and concomitant replacement of ascending aorta and aortic valve, although this inference is not supported by any further subgroup analysis.
A causative factor directly related to a postoperative bleeding diathesis, which was found in our study to be predictive of PE requiring pericardiocentesis, is platelet transfusion. Platelet transfusions in the perioperative period are known to be associated with increased risk for serious adverse events and particularly re-operation for bleeding [12] , which is clearly an important causative factor of a local inflammatory response and osmotic imbalance provoked by clot accumulation in the pericardial space.
Interestingly, this finding seems to be in apparent contradiction with the protective role that, according to our results, preoperative aspirin assumption plays to prevent CT. However, concerns about the use of uncombined antiplatelet agents in the immediate proximity of heart surgery to increase postoperative bleeding are not supported by clear evidences [13] . On the contrary, the prolonged antiinflammatory effects of aspirin have to be considered when interpreting our findings. Following cardiac surgery, there is a protracted postoperative activation of inflammation persisting several days after the operation [14] , which represents an incremental risk factor for the development of PEs. In this context, the hypothesis that anti-platelet drugs such as aspirin play a protective role may encourage a more liberal use before the operation. Notably, Ashikhmina and coworkers [4] observed a lower incidence of postoperative effusions among patients, who had coronary artery bypass grafting, in which the use of aspirin is customary.
The cumulative long-term survival of patients, who received postoperative pericardial drainage, was excellent. In particular, cardiac mortality was negligible at 7 years from pericardiocentesis. Unfortunately, we lack a comparison with previous long-term survival analysis in such a clinical scenario. To our knowledge, a 5-year actuarial survival curve has been reported only in patients with PE following orthotopic heart transplantation [15] [16] [17] .
Study limitations
We recognized that this study has some limitations. As a retrospective single-center study, local habits in patient selection and management of CT may weaken the widespread applicability of our results. Moreover, our population did not include patients undergoing heart transplant, one of the main factors recognized as causative for postoperative PEs [14] [15] [16] . Finally, we lack survival estimation of the control group without pericardiocentesis to be compared with patients, who have had pericardial drainage.
Conclusions
In conclusion, our study has identified different causative factors of postoperative PE requiring drainage. Particular attention should be devoted to patients with increased additive EuroSCORE or undergoing complex surgery. Similarly, an increased postoperative bleeding diathesis necessitating platelet transfusion and the occurrence of postoperative renal failure require surveillance. Finally, when applicable, aspirin administration may not be discon-tinued in the proximity of the operation in patients considered at high likelihood for late postoperative CT.
